In international business cycle models with complete financial markets, the consumption growth ratio moves in tandem with the real exchange rate growth. In the data, however, their correlation is often negative. International risk sharing is quite poor in reality. This consumption-real exchange rate anomaly, also called the Backus-Smith puzzle, is one of the major puzzles in international macroeconomics. Empirical results show that the nominal exchange rate movements are the main source for this anomaly. This paper shows that an endogenously segmented asset markets model can solve the consumption-real exchange rate anomaly and reveal the role of the nominal exchange rate in international risk sharing. If the nominal exchange rate is fixed, international risk sharing improves in the simulated economy. JEL Classification: F44, F31, F36, E21, G15
Introduction
first document the inconsistency between the theoretical and empirical results on international risk sharing. Theoretically, in complete financial markets, the correlation between the growth rate of relative consumptions and the growth rate of relative prices, i.e. real exchange rate, should be unity for any pair of countries. This result can be also stated as the full international risk sharing condition. However, empirical tests by Backus and Smith (1993) and Lewis (1996) and Chari, Kehoe, and McGrattan (2002) , et al. show the cross-correlations between consumption and the real exchange rate are either close to zero or negative. Even though there is no doubt that the real economy does not yet have complete markets, and therefore no full international risk sharing, the negative correlation between the relative consumption growth and the real exchange rate growth is still puzzling. This contradiction between the theory and empirical results in international risk sharing is called the consumptionreal exchange rate anomaly, also called the Backus-Smith puzzle.
So far, most of the work try to solve this puzzle mainly focus on the interaction of the real terms. However, evidence from Hess and Shin (2010) , Hadzi-Vaskov (2008) , Devereux and Hnatkovska (2013) , et al. shows that the negative correlation between the relative consumption growth and the real exchange rate comes from the movements of the nominal exchange rate. They decompose the real exchange rate growth into the nominal exchange rate growth and the inflation differential components and find that the relative consumption growth is negatively correlated with the nominal exchange rate growth but positively correlated with the inflation differential. Moreover, if the nominal exchange rate is constant, the Backus-smith puzzle may disappear. Therefore, they argue that the fluctuation of the nominal exchange rate is likely the most important driving force behind the consumption-real exchange rate anomaly. If this is correct, the reason why the nominal exchange rate moves counter-cyclically with the international consumption ratio is a question that we cannot circumvent when we address the anomaly.
The primary contribution of this paper is to elaborate on a mechanism through which the relative consumption growth move counter-cyclically with the nominal exchange rate but cyclically with the inflation differential, and through which the fluctu-ation of the nominal exchange rate has an adverse effect on international risk sharing.
When the exchange rate is fixed, international risk sharing is improved.
The methodology I employ is the limited participation in financial markets. The model I use is closely related to the endogenous market segmentation model developed by Alvarez, Atkeson, and Kehoe (2009) . In the model, households face idiosyncratic real cost when they transfer money between the goods market and the asset market. 1 The cost γ has a distribution F (γ) with density f (γ). At the beginning of each period, households receive the same real endowment y in the goods market. Inflation is distorting because it reduces the real endowment to be y/π. This effect induces some households to use the real resources to pay the transfer cost for transferring money from the asset market to the goods market, therefore reducing the total amount of resources available for consumption. Households that pay the fixed cost are called active households and those that do not are called inactive households. Whether households are active or inactive in the asset market depends on the costs households must pay and the level of inflation. The higher inflation is, the more households choose to be active, so the asset market is endogenously segmented. For each inflation, there is a cost levelγ(π) at which the households with γ <γ(π) choose to be active and pay the cost, while the households with γ >γ(π) choose to be inactive and consume y/π. It is indifferent for households to be active or inactive if their cost is equal toγ(π). This cutoff rule is illustrated in Figure 1 .
Domestic active households share the consumption risk with foreign active households via the international financial market, while the inactive households only consume their endowment and are inert in the financial market. They only have limited international risk sharing via international trade. Therefore, international risk sharing is incomplete at the aggregate level. The model's results clearly indicate the existence of the inactive households, i.e. the incompleteness of international risk sharing, is the prerequisite for the negative correlation between the relative consumption growth and 1 Besides the traditional interpretation for such a cost as the brokerage fee, the bid-ask spread and the transaction tax, the literature explores more motives for this cost. Chatterjee and Corbae (1992) view the cost as a cost involved in writing enforceable private debt contracts. Reis (2006) and Alvarez, Guiso, and Lippi (2012) consider the costs of acquiring, absorbing and processing information. Gust and Lopez-Salido (2014) interpret the presence of the transfer cost as reflecting time spent on the activities of re-optimizing and responding to new information, and the human inertia of sticking to a predetermined plan. Thus one can consider the transfer cost as the aggregate effect of all kinds of frictions which can be tangible or intangible.
the nominal exchange rate. At the same time, the change of the nominal exchange rate may change the terms of trade and then change the international trade. So the nominal exchange rate may in turn affect international risk sharing.
Related Literature
The Arrow-Debreu equilibrium shows the marginal utility growth should be the same for all investors in a single-good world with complete markets,
where i and j refer to different investors or countries. If investors have the same homothetic utility function, then investors share the same consumption growth rate:
Hence, regardless of relative shocks to home and foreign outputs, any shock is shared equally to investors. Only aggregate shocks should matter. Backus and Smith (1993) 
where P i and P j denote the price levels of country i and j, with both price measured in the same numeraire currency, and ε i,j denotes the bilateral real exchange rate. The sign "∆" refers to the first difference of a variable over time. These definitions will apply throughout the paper.
Therefore, in the economy with non-tradable goods, there is a monotone relation between the bilateral real exchange rate and the consumption ratio: If the real exchange rate is higher in one state than in another, then so is the consumption ratio. Equation
(2.4) or (2.5) is called the international risk sharing condition with trade frictions.
The intuition for this condition is straight forward, since households are more likely to consume more when their consumption basket is relatively cheap. However, this is at odds with the data. Backus and Smith (1993) test the cross-correlations between the growth rate of consumption ratio and the growth rate of real exchange rate with the data of eight OECD countries. 2 Their results show there is no clear correlation between the consumption ratio and the real exchange rate. This is the origin of the Backus-Smith puzzle, i.e. the consumption-real exchange rate anomaly, one of the central puzzles in international macroeconomics. 3 The empirical evidence showing low or negative correlations between the consumption ratio and the real exchange rate are also confirmed by Lewis (1996) , Chari, Kehoe, and McGrattan (2002) and Hnatkovska (2009), et al. Chari, Kehoe, and McGrattan (2002) test the correlations between bilateral real exchange rates and bilateral relative consumption for five countries. They report the correlations vary between -0.48 and 0.24. Corsetti, Dedola, and Leduc (2008) report that the annual real trade-weighted exchange rates between the United States and the other OECD countries move counter-cyclically with their consumption ratios.
More subtle analyses have brought some additional new insights into this anomaly. Crucini (1999) documents there is much more risk sharing across the Canadian provinces and the U.S. states than there is across the G-7 countries. Using the data of OECD countries, Hess and Shin (2010) find that nominal exchange rate movements 2 The theory implies a positive correlation between the consumption ratio and the real exchange rate and also between their growth rates, see equations (2.3) and (2.4). Empirical tests usually check the correlation between the two growth rates. This is not only because taking the first difference is useful for us to get a stationary series. Moreover, the positive correlation between the two growth rates is a deduction of the positive correlation between the two levels, consumption ratio and real exchange rate, so the rejection of the positive correlation between the growth rates can also reject the positive correlation between the levels. There are also some tests use the data of levels, such as Chari, Kehoe, and McGrattan (2002) , Corsetti, Dedola, and Leduc (2008) and Bodenstein (2008) . No matter the tests are based on the levels or on the growth rates, the theory are rejected without exception. 3 Obstfeld and Rogoff (2001) discuss the six major puzzles in international macroeconomics. One of the puzzles is called the international consumption correlations puzzle and the Backus-Smith puzzle is a main appearance of the international consumption correlations puzzle. are the main source for the anomaly by decomposing the real exchange rate growth, ∆ log(ε i,j ), into its nominal exchange rate growth, ∆ log(e i,j ), and inflation differential, ∆ log (P j /P i ), components, i.e. ∆ log(ε i,j ) = ∆ log(e i,j ) + ∆ log (P j /P i ). According to their test, the average correlation between the consumption ratio growths, ∆ log (c i /c j ), and the real exchange rate growth is -0.098. The average correlation between the consumption ratio growth and the nominal exchange rate growth is -0.174, while the average correlation between the consumption ratio growth and inflation differential is 0.163. Moreover, they use the consumption and price for the 50 U.S. states to explore the intranational evidence on risk sharing. Their evidence suggests that if the nominal exchange rate is constant, the Backus-Smith puzzle may disappear.
Hadzi-Vaskov (2008) obtains similar results based on Eurozone data. He finds that there is a clear "dichotomy" between the results for the inflation differential and nominal exchange rate changes, and concludes that nominal exchange rate behavior appears crucial for understanding the consumption-real exchange rate anomaly. Hadzi-Vaskov (2008) therefore asks why the nominal exchange rate is negatively correlated to relative consumption and why it behaves so differently from the inflation differential. Devereux and Hnatkovska (2013) investigate the consumption-real exchange rate correlation with a newly constructed multi-country and multi-regional data set. They find evidence for within-country risk sharing. However, across countries the association is reversed. They therefore define the difference in risk sharing between within countries and across counties as a border effect. They show the border effect account for 53 percent of the deviations from full risk sharing and over one-third of the border effect is due to nominal exchange rate fluctuation.
The first three columns of Table 1 show the results of the empirical test adopting the method of Hess and Shin (2010) with the data of the U.S. and other 22 OECD counties. The results are similar to those of Hess and Shin (2010) . The average consumptionreal exchange rate correlation is -0.l35. The average consumption-nominal exchange rate correlation is -0.195, while the average consumption-inflation differential is 0.225.
The appearance and disappearance of the Bretton Woods system provide us a natural experiment for exploring the role of the nominal exchange rate in the consumptionreal exchange rate anomaly. I collect the related data of four Bretton Woods system members: the U.S., U.K., Australia, and South Africa, and compare the change of the correlations between the consumption ratio growth and the real or the nominal exchange rate growth and inflation differential before and after the Bretton Woods system ended. Table 3 presents the results. The results show that the correlations between the consumption ratio growth and the real exchange rate growth become negative (or lower for the U.K.) after the Bretton Woods system ended. This change is clearly coincides with the change in the nominal exchange rate variability after the Bretton Woods system ended.
The counter-cyclical co-movements between bilateral consumption ratios and real exchange rates highlight the incompleteness of international financial risk sharing. One intuitive explanation for poor risk sharing is the existence of incomplete international financial markets and sticky goods prices. Chari, Kehoe, and McGrattan (2002) try to use sticky price model, sticky price model with incomplete financial markets and sticky price model with incomplete financial markets and habit persistence in preference to generate the negative correlation between real exchange rates and relative consumption, but none of the models succeeds. Other attempts in the track of incomplete financial markets include Corsetti, Dedola, and Leduc (2008) and Benigno and Thoenissen (2008) , both of which allow the existence of only one non-contingent bond in the asset market and succeed in generating the negative correlation. One important difference between their models and that of Chari, Kehoe, and McGrattan (2002) is the existence of the non-tradable goods, so that the law of one price never holds to the aggregate prices. One weakness of the single-bond asset markets model is that the results are not robust to the introduction of a second traded asset. Benigno and Kucuk-Tuger (2008) show that quantitatively the correlation between consumption and real exchange rates is well above the one observed in the data once a second traded asset is included. Moreover, Levine and Zame (1998) show that the incompleteness of financial markets may not impede the risk sharing. Brandt, Cochrane, and Santa-Clara (2006) estimate international risk sharing with the data from financial markets and find international risk sharing is better than we used to think.
Another branch tries to address the consumption-real exchange rate anomaly within the framework of complete financial markets. Bodenstein (2008) develops a complete asset-market model with limited enforcement for international financial contracts which can address the anomaly providing that agents are not too patient. Kollman-n (2012) examines the limited asset market participation and shows this anomaly can be explained by a simple segmentation between households. That is between a subset of households trading in complete financial markets and the remaining households having hand-to-mouth existences. Cociuba and Ramanarayanan (2011) want to endogenize the limited participation with the model in Alvarez, Atkeson, and Kehoe (2002) .
However, they can only reduce the correlation slightly (0.62 vs. 1). Devereux and Hnatkovska (2013) attempt to investigate the role of nominal exchange rate in international risk sharing by combining sticky goods prices and the single-bond asset markets model of Benigno and Thoenissen (2008) . Their framework generates only a slight difference in the consumption-real exchange correlation between the flexible and the fixed exchange rate regime (-0.03 vs. 0.11). The assumption of price stickiness is critical to the sign reversal of the consumption-real exchange rate correlation after nominal exchange rates are held fixed. 4
It is easy to test whether the stickiness in prices can account for the consumptionreal exchange rate anomaly or not. If the anomaly is caused by the sticky prices, we can imagine that the consumption-price correlation and the consumption-real exchange rate correlation should be improved when we use the prices of later periods to substitute the current prices. However, the test results do not show any evidence that the price stickiness is a reason for the consumption-real exchange rate anomaly. Column 4-7 of Table 1 show the correlations between the consumption and the 1 or 2 periods later price, the correlations between the consumption and the sticky-price corrected real exchange rate. The results show nothing improvement in the correlations. Table 2 shows the test results with the quarterly data. Again, we do not see any improvement in the consumption-price or consumption-real exchange rate correlations. In the next sections, you will see the question is solved successfully with an endogenously segmented markets model.
Model

Outline
The model used in this paper is an extension of the model in Alvarez, Atkeson, and Kehoe (2009) with non-tradable goods and international trade. This is a cash-inadvance and endowment economy with an infinite number of periods, t = 0, 1, 2....
There are two countries, the domestic country i (or country 1) and the foreign country j (or country 2). Each country is populated by infinitely lived households. There are two separate markets, an asset market and a goods market. In the asset market, households trade two currencies and two complete sets of one-period state-contingent bonds issued by the two countries' governments respectively. At the beginning of each period, households in each country are endowed with a certain amount of tradable goods and non-tradable goods. The tradable goods of the two countries are imperfect substitutes, so there are four goods being traded in the goods market, but only the two tradable goods can be traded internationally. Each of the non-tradable goods can only be traded domestically.
Each household has to pay a cost γ for each transfer of cash between the asset market and the goods market. In each country, this transfer cost varies across households according to a distribution F (γ i ) with a density f (γ i ). The difference in the transfer cost separates households into active and inactive participants in the asset market.
The sources of uncertainty in the economy include the shocks to money growth and the state of the goods endowments. In each period, the money growth and the endowment of the country determine its inflation for that period. Households in each county enter period t with cash P i,t−1 Y i,t−1 that they obtained by selling their endowments Y i,t−1 in period t − 1 at price P i,t−1 , so households enter the goods market in period t with real value n = P i,t−1 Y i,t−1 /P i,t . Households can choose to be an active household by paying their transfer cost γ to transfer an amount of cash P i,t x with real value x to or from the asset market. Hence, the cash-in-advance constraint for active households is c = n + x, and for inactive households is c = n.
Setup and Equilibrium
The economy contains four goods: two internationally tradable goods and two non-tradable goods. Let s t = (s 1 , ..., s t ) denote the history of aggregate events up to period t, and g(s t ) denote the density of the probability distribution over such histories.
Households in country
denote the corresponding money growth rate.
The final consumption goods c i is the aggregate of the tradable and non-tradable goods:
where c T i is the consumption index of the aggregate of the tradable goods and c N i is the consumption of the non-tradable goods in country i.
The aggregate tradable goods consumption index is determined by
where c T i i and c T j i denote country i's consumption of the tradable goods that originate in country i and j respectively. If α ii > 1 2 , then there is a home-bias in consumption. The price index for composite consumption purchases:
where P T i is the price index of the aggregate of the tradable goods and P N i is the price of the non-tradable goods in country i.
The aggregate tradable goods price index is determined by
where P T i i and P T j i denote the price of tradable goods that originate in country i and j, but are consumed in country i.
By the law of one price, we have
where e i,j is the nominal exchange rate between country i and j.
In period 0, all households in both countries are identical. They start with the same endowments, In each period, the government of each country issues one-period bonds contingent on the aggregate state s t . In the case of country i, the government pays off outstanding bonds B i (s t ) with currency i and issues new bonds B i (s t , s t+1 ) at a price q i (s t , s t+1 ). Hence, the country i government budget constraint at s t with t ≥ 1 is
trage between the bonds of country i and j implies that
Households have to pay γ(s t ) units of tradable goods as a price, if they want to transfer cash between the asset market and the goods market. The transfer cost varies across households in each country according to a distribution F (γ(s t )) with density f (γ(s t )). Households that transfer money between the two markets are denoted as active households, otherwise they are denoted as inactive households.
Denote B i i as the bonds issued by the government of country i and owned by households of country i, and B i j as the bonds issued by the government of country j but owned by the households of country i. In the case of country i, in any period t with t ≥ 1, households are subject to such a budget constraint in the asset market:
is the real value that households choose to transfer between the goods market and the asset market.
is the nominal value of the transfer. A positive value for x means that households have transferred money out of the
In period 0, the asset market budget constraint for households is given by
Household consumption is subject to the cash-in-advance constraint. The nominal budget constraint for the goods market is
(3.10)
The nominal resource constraint is given by
Since the asset market is complete, the competitive equilibrium allocation and asset prices can be determined from the solution to the following planning problem:
subject to the resource constraint (3.11) and the following additional constraint
where c iA denotes the consumption of active households and c iĀ denotes the consumption of inactive households. The budget constraint (3.10) indicates that the consumption of inactive households is independent of γ i (s t ) and is equal to
The first-order condition for the active household consumption c iA is reduced to
is the multiplier on the resource constraint of country i. This first-order condition clearly implies that all households that pay the fixed cost choose the same consumption level, which means that c iA (s t , γ i (s t )) is independent of γ i (s t ). So the active household consumption can be denoted as c iA (s t ).
Combining this first order condition for both the home and the foreign counties, we get the international risk sharing condition:
Now, we know there are two consumption profiles in each country, the active household consumption c A (s t ) and the inactive household consumption cĀ(s t ). Both are independent of the transfer cost γ(s t ). Given the state, the only factor that determines households being active or inactive is the level of their transfer cost. So it is clear that for any state, there is a threshold transfer costγ(s t ) at which the households with γ(s t ) ≤γ(s t ) pay the cost and consume c A (s t ). All the households with γ(s t ) >γ(s t ) choose to be inactive in the asset market and consume cĀ(s t ).
The planner's problem reduces to
(3.18)
The first order condition is
As Alvarez, Atkeson, and Kehoe (2009) claim: "In the decentralized economy corresponding to the planning problem, asset prices are given by the multipliers on the resource constraints for the planning problem." According to (3.15), these multipliers are equal to the marginal utility of active households.
Hence, the pricing kernels for the domestic and the foreign country are
(3.21)
In complete asset markets, the pricing kernels for domestic and foreign assets are related:
Since the two countries are identical in period 0, λ i (s 0 ) equals λ j (s 0 ) and e(s 0 ) equals 1. Given this assumption, combining equations (3.16), (3.20), (3.21), and (3.22), we can solve the international risk sharing condition recursively:
Goods market-clearing conditions are
Money market-clearing conditions are
For each period, I solve the four market-clearing conditions and the risk sharing condition (3.23) and the first order condition (3.19) for the active and inactive consumption, the threshold transfer cost and the prices for tradable and non-tradable goods.
Model Implications
With the assumption of a CRRA utility, and taking logarithms on both sides of equation (3.23), we get: Table 4 shows the correlations between the nominal exchange rate growth rates and the price ratio growth rates for some of the OECD countries. 5 We can see the the higher the nominal exchange rate, then the lower is the tradable goods price ratio P T j /P T i , so that given the non-tradable goods price P N i and P N j , the higher the nominal exchange rate, then the lower is the price ratio P j /P i . Hence, the nominal exchange rate negatively correlates with the price ratio.
The correlation between the inactive household consumption ratio, log(cĀ i /cĀ j ), and the real exchange rate is implied in equations (3.14), (3.4) and (3.5). According to equation (3.14), the consumption of inactive households is proportional to their nominal endowment, improve. We will see more details with the simulated economy in the next section.
, log(εi,j) , and vice versa. Table 5 shows the main parameter values. Preference is represented by the CRRA preference of the form U (c) = c 1−σ /(1 − σ). The coefficient of relative risk aversion σ is set to 2. The discount factor β is set to 0.95. The elasticity of the substitution between tradable and non-tradable goods, φ, is set to 0.44, and the elasticity of the substitution between home and foreign-originated tradable goods, θ, is set to 2, following the suggestion of Stockman and Tesar (1995) . of households owning stocks actually adjust their portfolio of common stocks on a monthly basis and the fraction is no more than 71.0% on an annual basis. Based on the above empirical results, I have chosen the level of the transfer cost so that the active households are no more than 50% of the total number of households. I assume γ has a uniform distribution with 0 as the lower bound, so the fraction of the active households depends on the largest value of the transfer cost. The greater the value is of the transfer cost, then the lower the fraction is of active households.
Calibration and results
Calibration
I have chosen for inflation the annual mean,π, as 3%. The inflation target has a volatility of 0.0115. This is based on the empirical results of de Vries and Wang (2013).
I assume that the governments of the two countries make their decisions regarding each period's money stock using the following rule: at the beginning of each period, the governments observe the realization of the endowment Y i,t and Y j,t , and then they decide the money stock of this period based on the endowment and the target inflation.
So the period t money stock can be summarized in the following equation:
Numerical results
The economy is simulated 50 times over 300 periods for each set of transfer cost. Table 6 shows the main results of the economy. The reported numbers in Table 6 are the average over the 50 simulations. The results are highly consistent with the analysis and prediction in Section 3.3. The fraction of active households continues to shrink with the increase of the transfer cost. The model succeeds in generating the negative correlations between the consumption ratio and the real exchange rate. More importantly, it generates negative correlations between the consumption ratio and the nominal exchange rate and it generates positive correlations between the consumption ratio and the price ratio. 7 This is fully consistent with the empirical results of Hess and Shin (2010) and Hadzi-Vaskov (2008) and this paper, see Table 1 . Therefore, the extension of the segmented asset markets model from Alvarez, Atkeson, and Kehoe (2009) helps to solve the Backus-Smith puzzle at both the real and the nominal level. As the model predicts, the negative correlation between the consumption ratio and the real or the nominal exchange rates are caused by the existence of inactive households in the asset market. So these correlations become more and more negative as the fraction of the inactive households increases. It is reasonable to think that the difference in the fraction of the active and inactive households in different countries is one of the reasons for the difference in the consumption-exchange rate correlation. The model also predicts the negative correlation between the price ratio.
In the standard business cycle models with a representative agent and complete markets, the cross-country correlation for consumption growth rate is usually much higher than the data. Backus, Kehoe, and Kydlan (1992) report that the correlations between Japan and the major European countries lie between 0.22 and 0.48. The correlation between the U.S. and the European aggregate is 0.46. Brandt, Cochrane, and Santa-Clara (2006) test the annual consumption growth correlations between the U.S. and three other countries, the U.K., Germany and Japan. They report correlations ranging from 0.24 to 0.42. I test the annual correlations for consumption growth between the U.S. and some OECD counties. The results are shown in the second column of Table   4 . Table 6 shows that the correlation between the consumption ratio and the real exchange rate is unity and the correlation between the consumption ratio and the nominal exchange rate is no longer negative when there are no inactive households in the economy.
Risk sharing under fixed regime
In order to explore more details regarding the causality between the nominal exchange rate and international risk sharing, I will now assume that the government of one country decides to fix the exchange rate of its currency to that of another country in order for us to see how the results might change when the variability of the nominal exchange rate is removed. Each economy is simulated with or without transfer costs. When there is a transfer cost, I assume the transfer cost has a uniform distribution with the largest value of 2% of Y T . Table 7 shows the main results of the fixed exchange rate economies. The results show that when the exchange rate is fixed, the fraction of the active households is larger than that of the flexible exchange rate under the same inflation and transfer cost. This is because when the exchange rate is fixed, the distorting effect of inflation on the consumption of the inactive households is more significant, so more household- Table 8 shows the correlations between China and several main economies in the world, Australian, Japan, the U.K. and U.S. We can see not only the real and the nominal exchange rates have negative correlations with the consumption, but the price ratios are also negatively correlated with consumption. China's consumption growth is negatively correlated with the consumption growths of all the countries in the table except for Japan. The consumption growth correlation between China and Japan is a tiny 0.062. The empirical results for China are consistent with the model results for a closed economy.
Besides looking at the correlations, I also use the international risk sharing index developed by Brandt, Cochrane, and Santa-Clara (2006) to measure the level of international risk sharing. This index is labeled as the BCSW index in Table 7 . 10 The value of this index lies between 1 and -1; with 1 indicating perfect international risk sharing and 0 indicating that the two countries' marginal utility growths are uncorrelated. If the index is -1, then the marginal utility growth of one country is just the opposite of the other. In other words, the higher the index value is, then the higher is the level of international risk sharing.
From the results in Table 7 , we see that when there is an open international financial market, then the index value for active households is 1 regardless whether the exchange rate is fixed or flexible. The difference in the index values between the fixed and flexible exchange economies shows that the adverse effects of the exchange rate movement on international risk sharing mainly affect the inactive households. The BCSW index value is -0.202 for inactive households when the exchange rate is flexible, while the index value is 0.848 which causes the index values for all households to increase from 0.155 to 0.802. We see again the importance of openness in international financial markets. When there is no financial flow between the two countries, international risk sharing is almost 0 for the active households of the two countries (BCSW index: -0.018).
And while, removing the exchange rate variability may slightly improve international 10 The original definition for the index of international risk sharing in Brandt, Cochrane, and Santa-Clara (2006) is:
var(log mj,t+1) − var(log mi,t+1) .
I have some disagreement with this definition. In an open economy with variability in the exchange rate, full international risk sharing is equivalent to the condition of mj,t+1 = mi,t+1 e t+1 e t , not mj,t+1 = mi,t+1. However, when we calculate the index for international risk sharing following the definition of Brandt, Cochrane, and Santa-Clara (2006) , we can not get the highest value of 1 even if the full international risk sharing condition is satisfied as long as there is variability in the exchange rate. Therefore, I make the following amendment to the definition for the index of international risk sharing: The results from closed economy reveal the importance of financial openness to international risk sharing. They also help us to understand why the nominal exchange rate cannot account for all of the border effect. As Popper, Mandilaras, and Bird (2013) report that there is no absolute financial openness for any economy. Even if there is no any obstruction from the government, the home bias of investors may impede international risk sharing to a certain extent. Hence, the nominal exchange rate can only explain a part of the border effect.
Conclusions and policy implications
Empirical studies, such as Hess and Shin (2010) data is better than that estimated with aggregate consumption.
The model implies the negative correlations between the nominal exchange rate and the price ratio, which is confirmed by the data of OECD counties. The presence of inactive households also reduces the cross-country correlations of consumption growth to the level of the data. The role of inactive households in reducing the cross-country consumption correlations are indirectly confirmed by Zhang (2013), who uses microlevel household consumption data in the U.S. and U.K. and shows that the stockholders' consumption correlation is considerably higher than that of the aggregate consumption growth.
The results in this paper have obviously policy implications. Cochrane (2005) (p. 56) states: "better risk sharing is much of the force behind financial innovation. Many successful new securities can be understood as devices to share risks more widely."
This paper points out that the limited participation in financial markets is another important factor to impede risk sharing besides the incompleteness of the financial markets, therefore it tells us that try to reduce the tangible and intangible cost for participating in financial markets is also an important way for improving risk sharing. Moreover, financial openness is necessary for international risk sharing. Given the incompleteness of financial markets and free international financial flows, the fixed exchange rate may improve international risk sharing. This is a strong support for the one international currency regime, such as the use of euro. 
A variables and equations
A.3 Model equations
For each period, we have 35 equations to solve 35 variables. Given the state of the first period (period 0), we can solve these variables at any period numerically.
A.4 Model equations at period 0 Given the state, the cutoff rule function h is a function of γ, which measures the net gain to a household from switching from being an inactive household with consumption y/π to an active household with consumption c A . The expression of h is just the left side of equation (3.19). The first two terms on the left side of equation (3.19) measure the utility gain from the household's switch from inactivity to activity, and the third term measures the utility cost of such a switch. When the transfer cost of the household is atγ, the utility gain is equal to the utility cost, and the household is indifference to being active or inactive. For more detail of the cutoff rule function, please refer to Alvarez, Atkeson, and Kehoe (2002) . Notes: The annual data are from the World Bank, 1971-2012. The sign "∼" represents the consumption growth differential between U.S. and the other countries, ∆ log c i c j . The notation ∆ε i,j represents the change of the log of real exchange rate, ∆ε i,j =∆ log(ε i,j ) = ∆ log e i,j p j p i , ∆ẽ i,j represents the change of nominal exchange rate, ∆ẽ i,j = ∆ log(e i,j ), ∆p ji represents the inflation differential between U.S. and the other countries, ∆p ji = ∆ log p j p i , and ∆p ji+1 represents the inflation differential at time t + 1, "∆p ji+2 " represents the inflation differential at time t + 2, ∆(ẽ i,jpji+1 ) = ∆ log e i,j p j+1 p i+1 , ∆(ẽ i,jpji+2 ) = ∆ log e i,j p j+2 p i+2 . Notes: In order to obtain enough observations, the quarterly data are used for this analysis. All the data are from Datastream. The starting period is the first quarter of 1959, and the end period is the second quarter of 2013. The word "before" represents the periods before the end of Breton Woods system from Q1 1959-Q3 1971. The word "after" represents the periods after the end of Breton Woods system from Q4 1971-Q2 2013. The periods "befor" and "after" for SA is Q1 1959-Q1 1982 and Q2 1982-Q2 2013 , since South Africa rand is not unpegged to U.S. dollar until 1982 Q1. Again, the sign "∼" represents the consumption growth differential between the U.S.A and the other countries, ∆ log c i c j . Notes: The first row of the table shows the largest values in the distribution of the transfer cost, which is shown as the percentage of the tradable goods endowment. The second row shows the fractions of the active households corresponding to the largest values of the transfer cost. Panels a, b, and c report the correlations for the aggregate consumption, inactive household consumption, and active household consumption. For each panel, the first row shows the correlations between the consumption ratio and the real exchange rate; the second row shows the correlations between consumption ratio and the nominal exchange rate; the third row shows the correlations between consumption ratio and price ratio; the fourth row shows the consumption growth correlations between the two countries. The last row of the table shows the correlations between the nominal exchange rate and the price ratio. Notes: The columns labeled as "Flexible Ex." include the results under the flexible exchange rate, the columns labeled as "Fixed Ex. & Open" include the results under the fixed exchange rate with an open international financial market, and the columns labeled as "Fixed Ex. & Closed" include the results under the fixed exchange rate with a closed international financial market. The first row of the table shows the largest values in the distribution of the transfer cost, which is shown as the percentage of the tradable goods endowment. The second row shows the fractions of the active households corresponding to the largest values of the transfer cost. Panels a, b, and c report the correlations for the aggregate consumption, inactive household consumption, and active household consumption. For each panel, the first row shows the correlations between the consumption ratio and the real exchange rate; the second row shows the consumption growth correlations between the two countries. Panel d reports the BCSW international risk sharing index for all households, inactive households and active households, respectively. 
